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SUMMARY 

Vertigo and postural instability following whiplash and/or minor head injuries is very frequent. According to some authors, post-whiplash 
vertigo cannot be caused by real injury to vestibular structures; other authors maintain that vestibular damage is possible even in the case 
of isolated whiplash, with vascular or post-traumatic involvement. Furthermore, many of the balance disorders reported after trauma can 
be justified by post-traumatic modification to the cervical proprioceptive input, with consequent damage to the vestibular spinal reflex. 
The aim of this study was to evaluate the vestibular condition and postural status in a group of patients (Group A, n = 90) affected with 
balance disorders following whiplash, and in a second group (Group B, n = 20) with balance disorders after minor head injury associated 
with whiplash. Both groups were submitted to videonystagmography (VNG) and stabilometric investigation (open eyes - OE, closed eyes 
- CE, closed eyes with head retroflexed ~ CER) within 15 days of their injuries and repeated within 10 days after conclusion of cervical 
physiotherapy treatment. The VNG tests revealed vestibulopathy in 19% of cases in Group A (1 1% peripheral, 5% central, 3% in an unde- 
fined site) and in 60% of subjects in Group B (50% peripheral, 10% central). At the follow-up examination, all cases of non-compensated 
labyrinth deficit showed signs of compensation, while there were two cases (2%) in Group A and one case (5%) in Group B of PPV. As far 
as the altered posturographic recordings are concerned, while there was no specific pattern in the two groups, they were clearly pathologic, 
especially during CER. Both in OE and in CE there was an increase in the surface values and in those pertaining to shifting of the gravity 
centre on the sagittal plane, which was even more evident during CER. In Group A, the pre-post-physiotherapy comparison of CER results 
showed that there was a statistically significant improvement in the majority of the parameters after treatment. Moreover, in Group B there 
was frequent lateral shifting of the centre of gravity that was probably linked with the high percentage of labyrinth deficits. The comparison 
between the first and second stabilometric examinations was statistically significant only in those parameters refeiTing to gravity centre 
shifting on the frontal plane, which was probably due to the progressive improvement in the associated vestibulopathy rather than to the 
physiotherapy treatment performed for the cervical damage. Hence, our study confirms that only in a minority of cases can whiplash cause 
central or peripheral vestibulopathy, and that this is more probable after minor head injury associated with whiplash. In addition, our data 
confirm that static stabilometry is fundamental for assessing postural deficits following a cervical proprioceptive disorder. In these cases, 
in fact, analysis of the different parameters and the indices referring to cervical interference not only permits evaluation of altered postural 
performance, but also detects and quantifies destabilisation activity within the cervical proprioceptive component. 

KEY WORDS: Whiplash injury • Minor head trauma • Vestibular pathology • Stabilometry • Vestibular-spinal reflex 
RIASSUNTO 

La presenza di vertigine ed instabilita posturale in caso di trauma distorsivo del rachide cervicale e/o trauma cranico minore, e un evento 
molto frequente. Secondo alcuni autori il danno vestibolare e possibile anche in caso di trauma distorsivo isolato del rachide cervicale, 
sulla base di fenomeni vascolari. Molti disturbi dell' equilibrio post-traumatici inoltre, possono trovare giustificazione nelV alterazione 
deir input propriocettivo cervicale con conseguente danno a carico del riflesso vestibolo-spinale. Lo scopo di questo studio e stato quello di 
valutare dal punto di vista vestibolare e posturale, un gruppo di pazienti (Gruppo A; n = 90) ajfetto da disturbi deW equilibrio post-trauma 
distorsivo del rachide cervicale ed un secondo gruppo (Gruppo B; n = 20) ajfetto da trauma cranico minore associato a trauma distorsivo 
del rachide. In entrambi i gruppi sono state ejfettuate videonistagmografia e stabilometria statica (occhi aperti - OA, occhi chiusi - OC 
e occhi chiusi con testa retroflessa - OCR) entro 15 gg dal trauma e ripetute entro 10 gg dal termine del trattamento fisioterapico cervi- 
cale. La VNG ha dimostrato la presenza di una vestibolopatia nel 19% dei casi nel Gruppo A (11% periferica, 5% centrale, 3% sede non 
definibile) e nel 60% dei casi nel Gruppo B (50% periferica, 10% centrale). Al controllo tutti i casi di deficit labirintico non compensate 
andavano incontro a compenso mentre persistevano ancora 2 casi nel Gruppo A ed 1 caso nel Gruppo B di VPP. I tracciati posturografici, 
seppur francamente patologici soprattutto in OCR, non presentano un pattern specifico nei due gruppi. Sia in OA sia in OC, si osserva un 
incremento dei valori di superficie e dei valori relativi alio spostamento del centro di pressione sul piano sagittale, reperti che appaiono 
ancora piii evidenti in OCR. Nel Gruppo A il confronto pre- e post-fisioterapia, mette in evidenza nel test OCR, un miglioramento statisti- 
camente significativo della maggior parte dei parametri dopo trattamento. Nel Gruppo B, si osserva inoltre un frequente spostamento del 
centro di pressione lateralmente probabilmente legato all'elevata percentuale di deficit labirintici. 11 confronto tra il prima ed il secondo 
esame stabilometrico, risulta statisticamente significativo solo per i parametri relativi alio spostamento del centro di pressione sul piano 
frontale correlabile probabilmente con la progressiva risoluzione della vestibolopatia associata. 11 nostro studio quindi conferma la pos- 
sibilitd che un trauma distorsivo del rachide cervicale possa determinare, in una minoranza dei casi, una vestibolopatia centrale o perife- 
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rica, vestibolopatia piu probabile dopo trauma cranico minore associato a trauma distorsivo del rachide. Inoltre, i nostri dati confermano 
quanta gia descritto in letteratura cioe che la stabilometria statica rappresenta il momenta fondamentale per la valutazione di un disturba 
posturale canseguente ad una patolagia prapriacettiva cervicale. In questi casi, la studia dei diversi parametri e degli indici di interferenza 
cervicale permettano infatti nan salo di valutare I'alterazione delta performance pasturale ma anche di evidenziare e quantificare I'attivitd 
destabilizzante della companente prapriacettiva cervicale. 

PAROLE CHIAVE: Trauma distarsivo del rachide cervicale • Trauma cranica minare • Vestibolapatia • Stabilametria • Riflesso vestibolo- 
spinale 
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Introduction 

The clinical situation that arises after an episode of whip- 
lash comprises a variety of associated symptoms of dif- 
ferent degrees. The mechanical event responsible for 
the clinical aspects is the flexor-extension of the spine 
without direct trauma ' that often occurs in what is com- 
monly known as whiplash ^. Due to the dynamics of road 
accidents, this trauma can also be associated with head 
injuries that are generally without concussion. The symp- 
toms arising from whiplash (whether associated with mi- 
nor head injury or not) can include headache, cervicalgia, 
stiffness of the muscles in the cervical area, paraesthesia 
in the upper limbs neuropsychiatric dysfunction ^ '"'^ 
and temporo-mandibular articulation disorders In this 
array of symptoms, those associated with involvement of 
audio-vestibular structures should not be neglected, some 
of which are particularly frequent, while others are either 
rare or even exceptional. 

Some patients complain of hypoacousia, a sensation of 
fullness in their ears and tinnitus ' ^ " while many refer 
a swaying sensation, postural instability -^'-^ and/or dis- 
tinct objective vertigo ^° While objective vertigo 
and postural instability are very frequent in subjects who 
have suffered a whiplash injury, these symptoms are al- 
most always referred if there has been minor head injury 
at the same time as the whiplash injury. Some authors 
maintain that if there are signs of pathological nystag- 
mus associated with asymmetry in the labyrinth func- 
tion, it might have been present in these patients before 
the trauma; on the other hand, other authors consider that 
vestibular damage is possible only after a minor head in- 
jury, but that it can be present even in isolated whiplash 
injury In these cases, natural vascular events (is- 

chaemic, post-haemorrhagic, etc.) might explain the ves- 
tibular damage, whether peripheral or central ^° or there 
could be direct or indirect post-traumatic phenomena in 
the central nervous system (brain, cerebellar or labyrinth 
concussion, brain-stem stretching, etc.) " However, all 
authors agree that vestibular damage following whiplash 
injury is possible if the course of the vertebral arteries was 
already abnormal beforehand Considering the relative 
reports in the literature and the different interpretations of 
post-traumatic vestibulopathy that have emerged '°, it is 



fairly obvious that the cause/effect relationship between 
trauma and vestibular damage is still to be demonstrated. 
Furthermore, according to some authors, post-traumatic 
modification in the cervical proprioceptive input might be 
behind the imbalance frequently complained of, and ob- 
jectively and clinically recognised after an indirect whip- 
lash injury, even when there is no sign of pathological 
nystagmus ^ ^ " ^^"^^ Hence, considering the ongoing 
debate and the often discordant data reported in the litera- 
ture, we evaluated the vestibular and postural conditions 
in two groups of patients with different clinical charac- 
teristics: subjects in one group had suffered a whiplash 
injury, while those in the other had whiplash injury as- 
sociated with minor head injury. We examined all patients 
to see whether post-traumatic vestibulopathy was present, 
and looked for post-traumatic postural modifications by 
studying stabilometric parameters and, after physiother- 
apy, we performed complete vestibular and postural ex- 
amination. 

Materials and methods 

We studied two groups of subjects: the first (Group A) 
included 90 subjects (age range: 17-73 years; mean age 
40.8 ± 12.6; 59 females and 31 males) suffering from 
whiplash injury (Grades 1 and 2 of the Whiplash Associ- 
ated Disorders classification - WAD) ^ (Table I); the sec- 
ond group (Group B) comprised 20 subjects (age range: 
23-79 years; mean age: 42.8 ± 17.1; 10 females and 10 
males) with whiplash injury (Grades 1 and 2 of the WAD) 
associated with minor head injury (14-15 in the Glasgow 
Coma Scale - GCS) All the subjects (n = 110) in the 
study complained of a balance disorder (postural insta- 
bility, uncertain gait, vertigo, etc.) that had arisen after 
trauma. 

Within 15 days of the trauma, all the subjects (Group A 
and Group B) were submitted to the following tests: limi- 
nal tone audiometry, impedenzometry, investigation for 
spontaneous nystagmus (positional and positioning, with 
or without Frenzel glasses), and the Head Shaking Test 
(HST). In addition, all subjects underwent a vestibular 
bithermal caloric balance test according to Fitzgerald- 
Hallpike and videonystagmographic investigation with 
the Ulmer-Synapsys® System. In our study, in accordance 
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Table I. Whiplash-Associated Disorders (WAD) represent a range of in- 
juries to the necl< caused by or reiated to a sudden distortion of the necl< 
associated with extension. The Quebec Task Force has divided WAD into 
four grades". 



Grade 0 


Neck pain, stiffness, or any physical signs are noticed 


Grade 1 


Neck complaints of pain, stiffness or tenderness only, but 




no physical signs are noted by the examining physician 


Grade 2 


Neck complaints and the examining physician finds 




decreased range of motion and point tenderness in the 




neck 


Grade 3 


Neck complaints plus neurological signs such as 




decreased deep tendon reflexes, weakness and sensory 




deficits 


Grade 4 


Neck complaints and fracture or dislocation, or injury to 




the spinal cord 



with the hterature, vestibular paresis is defined as > 25% 
asymmetry between left and right-sided responses, and a 
directional preponderance as > 30% asymmetry between 
left and right-beating nystagmus 

In addition to the above tests for the presence of ves- 
tibulopathy and damage to the vestibular-oculomotor 
reflex (VOR), the vestibular-spinal reflex (VSR) in all 



patients was investigated by means of static stabilom- 
etry using the S.Ve.R Amplifon System®, recording the 
posturographic parameters standardised by the system; 
the parameters considered are listed in Table II. The sta- 
bilometric test (performed within 15 days of trauma, like 
the vestibular test) was carried out with open eyes (OE), 
closed eyes (CE) and closed eyes with head retroflexed 
(CER). To evaluate the role of cervical proprioceptive 
afferences, the cervical interference index correspond- 
ing to the surface (SCI) and to the length of the oscil- 
lations (LCI) was calculated from the percentage ratio 
between the S and L values when the eyes were closed 
and the head retro-flexed and the same parameter when 
the eyes were closed but the head was erect, considering 
a value less than 120 as normal ''l 

All tests (audio-impedenzometry, vestibular investigation 
and static stabilometry) were repeated within 10 days after 
conclusion of physiotherapy treatment (two months after 
trauma). The subjects manifesting pathologic videonys- 
tagmography (VNG) at the follow-up examination were 
submitted to a further vestibular test with VNG recording 
6 months after trauma. In addition, within 3 days of the 
trauma all patients underwent X-rays of the cervical spine 



Table II. Parameters, explanation, graphic representation of the posturographic test and the normal values supplied by the Instrument. 

Parameter 

X min, max, mean, 
SD 
(mm) 

Y min, max, mean, 
SD 
(mm) 

S: surface of the 
ellipse with 90% 
(mm^) 

L: total length 
of the recording 
(mm) 

Vand SD: mean 
velocity and SD 
(mm/sec) 

LPS: length In 
function of S 



Explanation 




OE (Normal Value) 


CE (Normal Value) 


CER (Normal Value) 


Measurement of centre of gravity shift on the 


Xmin 


Prom 


-19.1 to 5.9 


From 


-22.3 to 5.9 


Prom 


-23.8 to 6.2 


frontal plane (right-left) and the relative standard 


Xmax 


Prom 


-5.4 to 20.2 


From 


-8.1 to 24.6 


Prom 


-6.2 to 25.4 


deviation (SD)) 


Xmean 


Prom 


-11. 9 to 12.5 


From 


-11.3 to 12.7 


Prom 


-12.6 to 13.9 


Measurement of centre of gravity shift on the 


Ymin 


Prom 


-74.0 to -13.2 


From 


-76.210-15.2 


Prom 


-53.810-32.6 


sagittal plane (back/forth) and the relative 


Ymax 


Prom 


-55.0 to 2.6 


From 


-51 .2 to 2.8 


Prom 


-48.1 to -9.5 


standard deviation (SD) 


Ymean 


Prom 


-64.0 to -6.4 


From 


-62.4 to -6.8 


Prom 


-59.6 to -2.8 


Surface of the ellipse containing 90% of the 


S 


Prom 


0 to 280.0 


From 


Oto 426.0 


Prom 


0 to 560.2 


sampled points; expresses postural system 
















precision 
















Length of the connecting subsequent positions 


L 


Prom 


148.8 to 531 .2 


From 


120.3 to 832.7 


Prom 


11 3.6 to 940.9 


of the centre of gravity. 
















Velocity of the shift from the centre of gravity 


SD 


Prom 


1.4 to 7.4 


From 


1.0 to 11.5 


Prom 


1.4 to 12.6 



Rl: Romberg Index 



Stabllogram 
(mm) 

Statoklnesigram 
(mm) 

PPT: Fast Fourier 
Transform (Hz)* 



and the relative standard deviation (SD) 

Value expressing the energy spent in relation to 
the precision of the postural system 

Quotient between the previous 6 values 
measured with eyes closed and the 
corresponding values with eyes open 

Graphic representation of the shifts from the 
centre of gravity on the two axes in relation to 
time 

Graphic representation of the projection of the 
postural oscillations on the support polygon. 

Transformation of the oscillation signal on the 
two axes (X - Y) In the frequency dominion 



* The FFT demonstrates the spectre of oscillations, where the amplitude is proportional to the degree of energy in that particular frequency. The oscillation in the pressure 
centre, detected by means of Stabilometry can be considered an f(t) function that is non-periodic but one that is limited to the t time and which, consequently can be an 
analysed by Fourier's integral The oscillations on the two axes are evaluated separately and the highest frequency found is attributed 100 while the others are expressed in 
percentages. 
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in two projections, orthopaedic examination and, thereaf- 
ter, encephahc NMR, cervical NMR and a neurological 
examination. 

To eliminate any cases of simulation, stabilometry (before 
treatment and after rehabilitation therapy) was performed 
twice within the same session in OE, CE and CER (re- 
test) Moreover, to exclude exaggerated or simulated 
postural behaviour, subjects who had inter-correlation 
stabilometric recordings that appeared frankly sinusoi- 
dal and/or those who had over 2000 mm surface values 
in OE were excluded from the study (12 subjects) 
None of the subjects in Group A (n = 90) or Group B 
(n = 20) showed stabilometric recordings of sinusoidal 
inter-correlation in all three tests (OE, CE, CER) either 
before or after physiotherapy. Furthermore, no patient had 
surface values greater than 2000 mm in the OE test. Sub- 
jects with a positive anamnesis of otologic and/or neuro- 
otologic pathology, such as a previous acute labyrinth 
deficit, Meniere's disease, previous positional paroxysmal 
vertigo (PPV), previously diagnosed migraine-associated 
vertigo, sudden deafness, acute and/or chronic middle ear 
otitis, otosclerosis, or previous otologic surgery, were ex- 
cluded from the study, as were subjects with central nerv- 
ous system disease. 

Whiplash physiotempy 

The exercise programme was carried out under the super- 
vision of a physiotherapist and comprised specific exer- 
cises to improve the movement and control of the neck 
and shoulder girdles. This list of exercises included: re-ed- 
ucation of cranio-cervical flexion movement; training the 
holding capacity of the neck flexors; retraining eccentric 
control of the cranio-cervical flexors in upright postures; 
re-education of cranio-cervical extension movement; 
training of the holding capacity of the neck extensors; re- 
education of the neutral spine in the sitting position, in- 
cluding lumbar-pelvic, thoracic and cervical neutral spine; 
retraining scapular orientation in neutral posture; training 
endurance capacity of the scapular stabilizers; retraining 
dynamic scapular control with arm movement and load, 
facilitated with rotation, using self-resisted isometric rota- 
tion in either supine or in a correct upright sitting posture; 
head lift in supine position, preceded by cranio-cervical 
flexion and followed by cervical flexion to lift the head 
slightly from the supporting surface; graded reduction in 
pillow height to a flat surface. The exercises were of a low 
load nature and were designed to be pain-free. Further- 
more, each subject was treated by electrical nerve stimu- 
lation (TENS, transcutaneous electrical nerve stimulator) 
for mild chronic musculoskeletal pain. 

Statistical analysis 

A Student's t-test was used to compare the mean values 
obtained in the static stabilometric test in OE, CE and CER 
before and after physiotherapy. A test was also carried 



out to compare the pre- and post-rehabilitation percent- 
ages of the pathological patients in each group in OE, CE 
and CER, and to compare the percentage of patients in the 
two groups with positive VNG. Lastly, stepwise regression 
multivariate analysis was performed - using both backward 
and forward methods - considering a dependant variable the 
result of the vestibular examination (current presence or ab- 
sence of vestibular disease), to demonstrate if (and which) 
independent variables could be considered predictive of 
the vestibular examination returning to negative. Statistical 
analyses were carried out with Stat View 2.0 software. 

Results 

Videonystagmography 

The results of the videonystagmo graphic examinations 
in Group A and Group B - in baseline conditions, at the 
first control and six months after trauma - are reported 
in Table III. When comparing the percentages of patients 
in the two groups who were considered pathological in 
the VNG examination, there was a statistically signifi- 
cant difference at the first examination (Group A 19% 
vs. Group B 60%; p = 0.0002), at the first follow-up visit 
two months after the trauma (16% vs. 55%, respective- 
ly; p < 0.001) and six months after the trauma (10% vs. 
50%; p< 0.01). 

Posturogmphic examination 

The percentage of patients who were pathological in the 
static stabilometric test, both in baseline conditions and at 
the follow-up visit, are shown in Tables IV and V. 
As far as the indices of cervical interference are concerned 
and which were calculated in both groups at the first sta- 
bilometric examination, the following was obtained. In 
Group A, there was pathological SCI (n.v. < 120) in 59 
cases (59/90; 65.6%) and pathological LCI (n.v. < 120) 
in 44 (44/90; 48.8%); 9 of the 17 subjects with pathologi- 
cal VNG manifested pathological SCI, and 7 pathological 
LCI. In Group B, we found 11 cases with pathological 
SCI (11/20; 55%) and 12 with pathological LCI (12/20; 
60%); in the 12 cases with pathological VNG, 4 mani- 
fested pathological SCI, and 7 showed pathological LCI 
(Table VI). 

With regards to statistical analysis of the posturographic 
tests, comparison between those obtained before and after 
physiotherapy rehabilitation of the cervical whiplash gave 
the following results in Group A: 

Comparison between pre- and post-OE: comparing the 
mean values (mean ± SD), there was a statistically signifi- 
cant value for Ymax, while only SD VEL was statistically 
significant when the percentages of pathological patients 
were compared. 

Comparison between pre- and post-CE: comparison of 
the mean values showed statistically significant difference 
for SDY, S and FFTY. 
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Table IV. Percentage of patients with patliologic static stabiiometry in the three tests performed within 1 5 days of the trauma (baseline) and after reha- 
bilitation therapy (control). 




Group A 
Group B 



Baseline 
CE 

82.2% 
85% 



CER 

92.2% 
95% 



OE 

60% 
70% 




Comparison between pre- and post-CER: comparison of 
the mean values yielded statistically significant results for 
Xmin, SDX, Ymin, SDY, L, S, VEL and SD VEL. Moreo- 
ver, comparison of the percentage of pathological patients 
showed a statistically significant difference for Xmin, 
Ymax, L, S, and SD VEL. 

Comparison between pre- and post-rehabilitation therapy 
in subjects with minor head injuries associated with indi- 
rect trauma in the cervical spine (Group B) gave the fol- 
lowing results: 

Comparison between pre- and post-OE: comparison of 
mean values showed a statistically significant value for 
FFTX. 

Comparison between pre- and post-CE: when the means 



were compared, there was a statistically significant differ- 
ence for SDY. 

Comparison between pre- and post-CER: the only signifi- 
cant parameter was Xmin when comparing the percentage 
of pathological patients before and after physiotherapy. 
Multivariate analysis of the data gave the following results. 
For Group A, we used the result of the vestibular examina- 
tion as the dependent variable (vestibular pathology present/ 
vestibular examination negative) and Xmed, SDX, Ymed, 
SDY, L, S, VEL and SD VEL as independent variables in 
entire series of tests (OE, CE, CER). When multivariate 
analysis was performed in backward mode, it demonstrated 
that all the above-mentioned independent variables could 
be jointly considered predictive of return to negative by 



Table Va. IVleans ± SD of the stabilometric parameters (and the relative percentage of pathological patients for whom the instrument supplies stand- 
ardised values). The Table also shows the statistically significant differences resulting from comparison of the pre- and post-rehabilitation data in Group A 
and Group B separately 

Group A 
SDX 

0.41 ±0.17 




Pre-OE 



Post-OE 



Pre-CE 



Post-CE 



Pre-CER 



Post-CER 



Pre-OE 



Post-OE 



Pre-CE 



Post-CE 



Pre-CER 



Post-CER 



22/90 (24.44%; 
-13.72 ±8.07 



14/90 (15.56%) 
7.16 ±9.70 



11/90 (12.22%) 
-3.22 ± 7.49 




16/90 (17.78%) 


8/90 (8.89%) 


6/90 (6.67%) 


0.40 


±0.20 


-13.05 ±8.34 


7.01 ± 7.60 


-2.92 ± 5.59 






30/90 (33.33%) 


11/90 (12.22%) 


15/90 (16.67%) 


0.64 


±0.29 


-19.42 ±11.48 


13.53 ±12.23 


-3.07 ± 8.96 






25/90 (27.78%) 


13/90 (14.44%) 


10/90 (11.11%) 


0.57 


±0.29 


-16.76 ±12.64 


11.95±11.46 


-2.85 ± 7.39 






35/90 (38.89%)5 


19/90(21.11%) 


11/90 (12.22%) 


0.76 


± 0.355 


-22.89 ±13.08S 


17.69 ±15.59 


-2.20 ±8.45 






19/90 (21.11%)S 


12/90 (13.33%) 


6/90 (6.67%) 


0.60 


±0.285 


-17.93 ± 10.13s 


13.88 ±11.24 


-2.12±7.18 












B Group B 


8/20 (40%) 


8/20 (40%) 


5/20 (25%) 


0.39 


±0.17 


-15.18 ±9.60 


4.13 ± 11.67 


-5.14 ±9.24 






3/20 (15%) 


3/20 (15%) 


3/20 (15%) 


0.34 


±0.11 


-14.89 ±5.85 


3.12 ±8.06 


-6.04 ± 6.95 






9/20 (45%) 


7/20 (35%) 


7/20 (35%) 


0.65 


±0.30 


-20.77 ±10.63 


13.64±16.18 


-4.01 ±8.72 






6/20 (30%) 


2/20 (10%) 


7/20 (35%) 


0.52 


±0.26 


-22.44 ±11.19 


6.53±11.16 


-6.40 ±9.14 






12/20(60%)§ 


8/20 (40%) 


4/20 (20%) 


0.74 


±0.23 


-23.31 ±12.79 


18.36 ± 17.48 


-1.01 ±10.83 






4/20 (20%)« 


6/20 (30%) 


2/20 (10%) 


0.67 


±0.26 


-21 .65 ±10.20 


15.25 ±11.86 


-3.43 ± 7.75 







16/90 (17.78%) 
-57.19 ± 18.62 

18/90 (20%) 
-61 .39 ±16.72 

28/90 (31.11%) 
-65.61 ±21.77 

23/90 (25.56%) 
-64.33 ±17.34 

73/90 (81.11%) 
-71 .49 ±20.73" 

64/90 (71.11%) 
-64.90 ±18.1 



9/90 (10% 
-33.16 ±18.16' 

14/90 (15.56%) 
-38.81 ±16.65' 

16/90 (17.78%) 
-27.95 ± 20.45 

9/90 (10%) 
-32.31 ±14.18 

34/90 (37.78%)§ 
-23.23 ±21 .74 

17/90 (18.89%)5 
-27.15 ±16 



17/90 (18.89%) 
-45.70 ±17.73 

13/90 (14.44%) 
-50.42 ±15.21 

19/90(21.11%) 
-47.30 ±16.44 

18/90 (20%) 
-47.08 ±16.95 

26/90 (28.89%) 
-46.55 ±18.01 

20/90 (22.22%) 
-46.36 ±15.91 



SDY 

0.50 ±0.24 



0.45 ±0.21 



0.77 ± 0.385 



0.64 ± 0.245 



0.92 ± 0.385 



0.75 ±0.335 




8/20 (40%) 


6/20 (30%) 


7/20 


(35%) 


0.56 ± 


0.25 


-62.63 ± 24.85 


-37.82 ± 22.58 


-44.33 


± 25.60 






5/20 (25%) 


3/20 (15%) 


5/20 


(25%) 


0.43 ± 


0.20 


-60.78 ±22.24 


-39.06 ±21 .38 


-47.35 


± 22.88 






9/20 (45%) 


6/20 (30%) 


7/20 


(35%) 


0.74 ± 


0.35" 


-66.64 ± 26.48 


-27.47 ± 24.04 


-45.48 


± 23.65 






6/20 (30%) 


5/20 (25%) 


5/20 


(25%) 


0.54 ± 


0.25" 


-64.55 ±25.26 


-34.59 ±21 .04 


-48.58 


± 22.08 






17/20(85%) 


10/20 (50%) 


6/20 


(30%) 


0.95 ± 


0.44 


-67.52 ±28.19 


-23.60 ± 28.07 


-46.41 


±27.12 






14/20(70%) 


7/20 (35%) 


5/20 


(25%) 


0.85 ± 


0.40 


-69.90 ±21 .03 


-28.81 ± 23.48 


-49.13 


±21.20 







sp<o.oi:'p = o.oi:'p = o.03. 
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Table Vb. Means ± SD of the stabilometric parameters (and the relative percentage of pathological patients for whom the instrument supplies stand- 
ardised values). The Table also shows the statistically significant differences resulting from comparison of the pre- and post- rehabilitation data in Group A 
and Group B separately. 





L 


S 


blUUp M 

FFTX 


FFTY 


VEL 


SDVEL 


Pre-OE 


7/90 (7.78%) 
308.56 ±113.16 


39/90 (43.33%) 
325.82 ±255.76 


0.13±0.13 


0.08 ±0.06 


12.18 ±4.44 


51/90 (56.67%)* 
8.52 ±4.16 


Post-OE 


9/90 (10%) 


31/90(34.44%) 

L.\J\J. lU X L-O^.O^ 


0.12±0.11 


0.09 ±0.07 


11.91 ±5.28 


36/90 (40%)* 
8 '^4 + 4 R1 


Pre-CE 


12/90 (13.33%) 

00 / . lU It ^^u.uu 


58/90 (64.44%) 

H1 4 R^i + Rn'^ C\'V* 
0 1 H.uo ouo.uo 


0.16±0.16 


0.11 ±0.10' 


21 .93 ±8.92 


57/90 (63.33%) 

1 c; on + R QQ 
1 o.iLu 3: u.yo 


Post-CE 


9/90 (10%) 

RflR f^A -I. OOP 00 


45/90 (50%) 

OOU.DD ± Hi 4.0/ 


0.17±0.13 


0.15 ±0.14* 


20.02 ± 9 


51/90 (56.67%) 

i Q 7f^ -1- R 77 


Pre-CER 


20/90 (22.22%)* 


65/90 (72.22%)§ 

1 1 48 1^7 4- QQR R'?§ 
1 1^0.0/ ± yyo.Do 


0.14 ±0.12 


0.14±0.11 


28.13 ± 12.70* 


71/90(78.89%)* 

91 91 -1- 1 9 41 § 
Z 1 .Z 1 ± 1 d..^ 1 


Post-CER 


9/90 (10%)' 

RQQ R7 -1- OOA 1 n# 

oyy.o/ ± c.)j^. \ u 


42/90 (46.67%)S 

7An fiQ -1- ROR 71 § 


0.13±0.10 


0.13±0.15 


23.45 ±11.69* 


56/90 (62.22%)* 

1Rin-i-R18§ 
1 D. 1 U ± 0. 1 0 








Group B 








Pre-OE 


2/20 (10%) 
306.57 ±127 


9/20 (45%) 
323.20 ± 253.25 


0.17±0.11§ 


0.09 ±0.08 


13.68 ±7.66 


11/20(55%) 
9.10 ±5.39 


Post-OE 


1/20 (5%) 
277.15 ±94.07 


5/20 (25%) 
237.87 ±134.35 


0.10±0.05§ 


0.08 ±0.05 


10.94 ±3.76 


8/20 (40%) 
7.16 ±2.76 


Pre-CE 


2/20 (1 0%) 
542.06 ± 246.54 


1 6/20 (80%) 
883.46 ± 632.07 


0.16 ± 0.12 


0.15 ± 0.14 


22.90 ±10.15 


1 4/20 (70%) 
15.73 ±8.05 


Post-CE 


0/20 (0%) 
454.64 ±188.33 


11/20 (55%) 
579.32 ± 326.85 


0.11 ±0.07 


0.12 ±0.09 


18.32 ±7.09 


10/20(50%) 
12.07 ±5.51 


Pre-CER 


2/20 (10%) 
646.88 ± 248.72 


16/20 (80%) 
11 01 .87 ±61 3.88 


0.12 ±0.07 


0.12±0.13 


26.35 ± 9.23 


16/20(80%) 
19.43 ±8.61 


Post-CER 


1/20 (5%) 
623.64 ± 228.62 


16/20 (80%) 
987.49 ± 531 .23 


0.11 ±0.08 


0.18 ±0.29 


24.81 ± 9.09 


13/20(65%) 
17.14 ±6.90 


sp<0.01:''p = 0.01; 


•p = 0.03. 












Table VI. Patients with pathological/normal indices of cervical interference in all subjects of Group A (n = 90) and Group B (n = 20) and in subjects with 
pathological VNG in Group A (n = 17) and Group B (n = 12). 


m 






Pathological SCI Normal SCI 
, (>120) (<120) 


Pathological LCI 
(>120) 


Normal LCI 
(<120) 


Group A (total patients) (n = 90) 




59/90 (65.6% 


) 31/90(34.4%) 


44/90 (48.8%) 


46/90 (51 .2%) 


Group A (with pathological VNG) (n = 1 7) 




9/17(52.9%) 


8/17(47.1%) 


7/17(41.2%) 


10/17(58.8%) 


Group B (total patients) (n = 20) 




11/20(55%) 


9/20 (45%) 


12/20(60%) 


8/20 (40%) 


Group B (with pathological VNG) (n = 1 2) 




4/12(33.3%) 


8/12(66.7%) 


7/12(58.3%) 


5/12(41.7%) 



vestibular examination (p < 0.001). Furthermore, statisti- 
cal analysis demonstrated that if Xmed and VEL were ex- 
cluded from the independent variables, the significance of 
the test does not change (p < 0.001). Next, when multivari- 
ate analysis was performed in forward mode, the two pa- 
rameters that were similarly predictive of the vestibular test 
returning to negative were SDX and Ymed (p < 0.01). For 
multivariate analysis in Group B, considering the three tests 
together, we again used the presence/absence of modifica- 
tions in the vestibular investigation as the dependent varia- 
ble, and Xmed, Ymed, L and VEL as independent variables 
(the other independent variables were not accepted by the 



software used). The backward mode demonstrated that all 
four of the independent variables stated above were pre- 
dictive of resolution of the vestibular situation (p = 0.002). 
Because of the limited number of patients and due to the 
results of the individual parameters, the software was un- 
able to calculate the significance of the parameters in the 
forward mode. 

Other tests 

Brain NMR was negative for focal lesions in all subjects 
and neurological examination was also negative, thus 
confirming a diagnosis of minor head injury (grades 14 
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and 15 of the GCS). Orthopaedic examinations confirmed 
the status of cervical whiplash (grades 1 and 2 in the WAD 
classification), while they excluded more serious muscu- 
loskeletal pathologies (previous fractures, scoliosis, etc.) 
in all subjects. X-rays of the cervical spine were negative 
for signs of fracture and demonstrated a physiological cer- 
vical lordosis deficiency in 73 cases in Group A (73/90; 
81.1%) and in 15 of those in Group B (15/20; 75%). 
Cervical NMR confirmed the absence of discal hernias. 
Audio-impedenzometric tests in all subjects were com- 
patible with normal hearing or bilateral and symmetric 
presbyacousia, and none had asymmetric neurosensorial 
hypoacousia. There were no signs of gaps in transmission 
or tubaric dysfunction. 

Discussion 

Vertigo and postural instability are very frequently present 
among the symptoms of cervical whiplash injuries * 
Furthermore, dizziness and vertigo is even more frequent- 
ly referred by subjects who suffered minor head injuries 
as well as cervical whiplash Not all authors agree that 
cervical whiplash and neuro-otological injury are related 
from a physiopathological point of view. In fact, some au- 
thors maintain that when central or peripheral vestibular 
damage is diagnosed after an episode of whiplash it can 
be attributed to pre-existing condition or to misinterpre- 
tation of the neuro-otological examination '°. In reality, 
there are certain exceptional cases with cochlear involve- 
ment (sensorineural hypoacousia and tinnitus) following 
cervical whiplash injuries that confirm this interpretation. 
The only neuro-otological evidence that has been main- 
tained to be directly attributable to cervical whiplash and/ 
or minor head injury is the onset of positional paroxys- 
mal vertigo (PPV) due to otoconia detachment, where the 
cause/effect of the trauma appears evident Patients 
frequently refer neuro-otological disorders, and occasion- 
ally the pathological nystagmus and vestibular damage 
detected can find explanation only in some traumatic ae- 
tiology (young subjects with negative general and neuro- 
otological anamnesis, with no history of trauma and nega- 
tive on neuro-radiological examination). In addition, it has 
been pointed out recently that the permanence of symp- 
toms and oto-vestibular objectivity in cases of whiplash 
is not directly correlated to the severity of the trauma^' 
Certain authors link neuro-otological damage following 
whiplash injury with pre-existing anatomical anomalies 
in the vertebral arteries MacNab (2002) attributes tin- 
nitus, hypoacousia and pathological nystgamus following 
an indirect injury in the cervical spine to a spasm in verte- 
bral arteries while other studies report anecdotal cases 
of cerebral infarction revealed with NMR in the areas fed 
by branches of the vertebral-basilar arteries after whiplash 
injury Nevertheless, the majority of neuro-otological 
injuries seen after an episode of whiplash are probably 



attributable to ischaemic or haemorrhagic events in the 
labyrinth membrane (peripheral vestibulopathy, tinnitus, 
sensorineural hypoacousia) or to concussion and/or brain- 
stem stretching (central vestibulopathy, tinnitus) " In 
fact, violent distortion of the cervical spine can cause con- 
cussion-like damage in the labyrinth because the abrupt 
acceleration-deceleration that occurs when there is flex- 
ion-hyperextension of the spine can produce mechanical 
shaking of the internal ear. Furthermore, other reports in 
the literature maintain that labyrinth damage in cases of 
whiplash injury can be caused by vascular mechanisms as 
well, due to the sudden compression in the vertebral ar- 
tery brought on by the violent trauma and the consequent 
abrupt reduction in blood flow in the internal ear^'*. Natu- 
rally, damage in the vestibular structures is more likely 
(from a physiopathological point of view) in the case 
of minor head injury, since ischaemic or haemorrhagic 
events in the labyrinth membrane, as well as concussion 
and/or brain-stem stretching, can be caused directly by 
the trauma '"osi 

Our data confirm that vestibular damage can be caused 
by cervical whiplash and that it is more likely when the 
whiplash is associated with minor head injury (19% vs. 
60%; p = 0.0002). Analysis of videonystagmographic in- 
vestigations performed in both of our groups within 15 
days of the trauma shows that it is possible to find both 
peripheral (non-compensated/compensated labyrinth def- 
icit and PPV) and central (vertical nystagmus) vestibu- 
lopathy. It is important to note that in the analysis of the 
vestibular data referring to the first control examination, 
the non-compensated peripheral deficits detected in the 
basal VNGs all tended towards compensation, both in the 
cases of cervical whiplash and in those with minor head 
injuries. Lastly, considering the VNG examinations, the 
data collected in our study confirm reports in the litera- 
ture; indeed, PPV is possible in cervical whiplash trauma 
as well, even though it is more frequent in cases of minor 
head injury (3% vs. 10%) and is more difficult to resolve 
compared to the idiopathic forms. In fact, in spite of the 
freeing manoeuvres performed on all patients during the 
first VNG examinations, there were still two cases (2/90; 
2.2%) of paroxysmal vertigo among those with isolated 
whiplash and one case (1/20; 5%) of PPV among those 
with whiplash associated with minor head injury. In our 
study, all cases of PPV (Group A and Group B) involved 
the posterior semicircular canal without vestibular pare- 
sis. Semont manoeuvres were performed and no transfor- 
mations in PPV of the horizontal semicircular canal oc- 
curred. 

In our opinion, differences in the vestibular examination 
from the first, to the second and to the third videonys- 
tagmographic investigation (effective compensation of 
the peripheral deficits, HST returning to negative, com- 
plete resolution of certain cases of PPV, disappearance of 
many episodes of vertical nystagmus), and the fact that 
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all the subjects were negative by brain NMRs with con- 
trast medium, confirm the causal relationship between 
trauma (whiplash injury and/or minor head injury) and 
vestibular findings. Moreover, the relatively young mean 
age of the subjects with pathological vestibular findings 
in the first VNG (Group A: 40.2 ± 7.9 SD years; Group B: 
41.7 ± 19.4 SD years) and the negative anamnesis for car- 
diovascular disease and recent infections in all subjects, 
allows us to exclude - with fair approximation - other 
pathogenic factors which might (in theory) cause the ves- 
tibular aspects found after trauma (vestibulopathy of a vi- 
ral nature, microvascular vestibulopathy, etc.) 
Armato and Ferri (2002) published a study on 569 pa- 
tients with whiplash, with or without associated head in- 
juries Of these, 21% had either normal vestibular func- 
tioning or only static stabilometric alterations that were 
compatible with a modified proprioception of the cervical 
spine according to the criteria proposed by Brandt (1981), 
Norre (1987) and Guidetti (1988, 1996) 39. chnical 
and instrumental neuro-otological examinations were 
normal with no vestibular deficits or signs of central ocu- 
lomotor involvement. The remaining 79% of the subjects 
manifested some alteration in the vestibular system and, 
in over two-thirds of these, posturographic investigation 
demonstrated modifications in the cervical proprioceptive 
system. 

Cervical whiplash injury can also be responsible for im- 
portant balance disorders, even without causing direct 
damage to vestibular structures. In fact, since a whiplash 
injury implies stretching of the muscles and intense irrita- 
tion of the complex cervical proprioceptive system, the 
outcome is altered function both of the neuromuscular 
spindles in the cervical area and of the osteo-articular- 
tendon sensors in the entire spine. Cervical musculature, 
which is very rich in spindles, is one of the structures 
that keeps the head erect; in particular, the nape muscles 
contain a large quantity of spindles, equalled only by 
the extrinsic ocular muscles, vocal chords and the inter- 
osseous muscles in the hand - all structures that require 
particularly intricate motor regulation The correlation 
between cervical proprioceptive afferences and the ves- 
tibular system is now well known. Among other effects, 
the nape proprioceptive afferences activate neurons in the 
dorsal -caudal part of Dieters ipsilateral vestibular nucleus, 
both directly and indirectly, and interfere in the activity of 
group X, the inferior olive and the vermian cortex of the 
anterior cerebellar lobe interacting strongly on posture 
control. The vestibular system controls cervical muscles 
through vestibular-spinal pathways, in particular through 
the medial ones, which prevalently project contralaterally. 
Hence, it appears evident that a cervical whiplash injury 
can cause postural disorders that do not depend on the 
presence of pathological nystagmus that can worsen the 
postural disorders of subjects with associated vestibulopa- 
thy. In effect, cervical proprioceptive afferences can be a 



valid alternative to the vestibular reflexes at low stimula- 
tion frequencies and can be fundamental in compensation 
mechanisms involved in peripheral vestibular damage 

Our data confirm what has been already described in 
the literature *°"*'*; namely that static stabilometry is a fun- 
damental tool for assessing postural disorders following 
cervical proprioceptive disorders and whiplash injury in 
particular. In these cases, analysis of various parameters 
and indices of cervical interference (SCI and LCI) can 
supply not only an evaluation of the altered postural per- 
formance, but can also reveal and quantify the destabilis- 
ing activity of the cervical proprioceptive component In 
fact, static stabilometry performed on subjects in Group 
A before physiotherapy (subjects with cervical whiplash) 
gave pathological results, especially when the head was 
retroflexed; after therapy, in spite of the fact that stabilom- 
etry tended towards normal in many subjects, perform- 
ance was nevertheless poorer when the head was bent 
back during the test compared to when it was erect. Sta- 
bilometry performed before therapy in Group B (subjects 
with cervical whiplash injury associated with minor head 
injury) gave highly pathological results even in the eyes- 
open and eyes-closed conditions, which demonstrates that 
retroflexion of the head within 15 days of the trauma in 
these cases was less important for revealing postural im- 
balance; on the other hand, in spite of the fact that stabilo- 
metric examination was returning to normal in many pa- 
tients, postural performance was nevertheless worse in the 
retroflexed condition than when the head was kept erect 
during the test, thus demonstrating that the destabilising 
activity of the cervical component was not related to the 
persistent vestibulopathy. To further demonstrate the role 
that spinal proprioception plays in postural modification 
before treatment, we calculated the cervical interference 
indices (SCI and LCI), which ere altered in both groups 
but with no statistically significant differences. Further- 
more, approximately half of the subjects in both groups 
manifesting a vestibular disorder (pathologic VNG) had 
pathologic SCI and LCI, which confirms that static sta- 
bilometry can reveal and quantify the destabilising activ- 
ity of the cervical proprioceptive component even when 
pathological nystagmus is present. 

As far as alterations in posturographic recordings are con- 
cerned, we observed no specific pattern in OF and CF 
conditions in Group A. In the stabilogram, wide and ar- 
rhythmic oscillations on both planes were seen prevalently 
in the CF position, though they were more evident on the 
sagittal plane. The statokinesigram revealed an increase in 
the surface values in both OF and in CF. These data appear 
even more altered when heads were retroflexed (CFR); 
even in this case, a clear increase in the surface values 
and in those corresponding to the shift from the centre 
of gravity on the sagittal plane prevailed compared with 
the guideline reference values. What is extremely interest- 
ing, and which confirms that the cervical proprioceptive 
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system is involved in cases of whiplash, is that when we 
compared the pre- and post-physiotherapy data for Group 
A statistically significant improvement was noted in the 
majority of parameters referring to the CER condition 
after therapy, considering both the mean values and the 
percentage of pathological patients. Likewise, there were 
no specific stabilometric patterns in Group B, in spite of 
the large number of patients with at least one pathologic 
stabilometric value. Even in this case, the statokinesigram 
revealed a clear increase in surface values, especially in 
the CE position, and frequent lateral shifting from the 
centre of gravity. Furthermore, there was no significant 
change in the overall characteristics of the stabilometric 
test in the CER position in Group B patients, even though 
the length and surface parameters were considerably 
pathologic for this position, which was noted in the path- 
ological values of the LCI and SCI parameters as well. 
These posturographic data are also in agreement with the 
results of vestibular examination, which was pathological 
in a high percentage (60%) of cases in Group B. The sta- 
bilometric test evidently gives clearly pathologic results 
in patients who have suffered minor head injuries, since 
it is influenced both by the vestibulopathy present and by 
the altered vestibulo- spinal reflex following the cervical 
whiplash trauma. Confirmation of this possibility is found 
by comparing the first and the second stabilometric exam- 
ination in Group B subjects, which was statistically sig- 
nificant only for parameters referring to the shift from the 
centre of gravity on the frontal plane. This improvement 
might be attributable to the progressive resolution of the 
associated vestibulopathy rather than to the physiother- 
apy. In fact, the non-compensated labyrinth deficits that 
were present in 20% of cases during the first examination 
appeared almost completely compensated in the second 
examination, and the number of PPV cases showed a 50% 
decrease from the first to the second test. 
Multivariate analysis was performed to demonstrate 
whether one of the parameters might predict resolution of 
the vestibular condition. In this regard, the statistical anal- 
ysis demonstrated that all the parameters taken into ac- 
count (Xmed, SDX, Ymed, SDY, L, S, VEL, SD VEL for 
Group A and Xmed, Ymed, L, VEL for Group B) could be 
considered jointly predictive of the vestibular test return- 
ing to negative. In other words, in the case of whiplash and 
in minor head injuries no single stabilometric parameter 
can be considered for presuming the resolution of vesti- 
bulopathy. By increasing the number of cases, this type of 
analysis might be able to supply more significant data. 
When a post-traumatic patient is examined, one must al- 
ways keep in mind that exaggeration or simulation for 
claiming compensation for damages is possible, particu- 
larly during the static stabilometric test. In this study (and 
in agreement with the data in the literature), we retested all 
subjects, excluding 12(11 with isolated cervical whiplash 
and one with a minor head injury associated with whip- 



lash) in whom we found no definite signs of vestibular-oc- 
ulomotor (VOR) involvement and whose inter-correlation 
stabilometric recordings were clearly sinusoidal 

Conclusions 

From what has been described above, it appears evident 
that the evaluation of neuro-otological data following cer- 
vical whiplash and/or minor head injuries is quite prob- 
lematic. This study confirms that both minor head injuries 
and whiplash (the latter in a lower percentage of cases) can 
cause both peripheral and central vestibular damage that 
is occasionally transient. Videonystagmography can re- 
veal not only pathological nystagmus, but can also follow 
the evolution of the post-trauma neuro-otological damage 
over time. Moreover, the study also confirms what has al- 
ready been reported; namely, that considerable postural 
instability can occur after an episode of cervical whiplash 
even if there is no pathological nystagmus, and that this 
is prevalently attributable to a modification in the cervical 
proprioceptive input and, consequently, in the vestibular 
spinal reflex. Static stabilometry not only contributes to 
the diagnosis of the vestibular spinal reflex damage, but 
also reveals and quantifies the destabilising activity of the 
cervical proprioception component both in subjects with 
cervical whiplash and in those with minor head injuries 
associated with indirect spinal trauma. Furthermore, sta- 
bilometry can also show improvements in postural per- 
formance achieved through functional rehabilitation of 
cervical neuro-muscular-skeletal structures. Nevertheless, 
while these data demonstrate that it is important to perform 
clinical and instrumental neuro-otological examination in 
subjects who complain of persistent postural imbalance 
after they have suffered cervical whiplash and/or minor 
head injuries, it must be stressed that further evaluation 
and confirmation of data from larger study groups and for 
longer periods of follow-up are necessary. 

References 

' Yoganandan N, Pintar FA, Kleinberger M. Whiplash injury. 
Biomechanical experimentation. Spine 1999;24:83-5. 

^ Gay Jr, Abbott KH. Common whiplash injuries to the neck. 
JAMA 1953;152:1698-704. 

^ Balla JI, lannsek R. Headache arising front disorders of the 
cervical spine. In: Hopkins A, editor. Headache: problems 
in diagnosis and management. London: Saunders; 1988. 
pp. 249-55. 

Pearce JMS. Whiplash injury: a reappraisal. J Neurol Neu- 
rosurg Psychiatry 1989;52:1329-31. 

' Bono G, Merlo P, Sinforiani E, et al. Aspetti neurologici. In: 
Mira E, editor. XII Giornate Italiane di Otoneurologia. II 
colpo di frusta. Pavia; 1995. pp. 21-34. 

^ Claussen CF, Claussen E. Neurootological contributions to 
the diagnostic follow-up after whiplash injuries. Acta Otorhi- 
nolaryngol (Stockh) 1995;(Suppl)520:53-6. 



387 



A. Nacci et al. 



' Mira E. Inquadramento ed aspetti otoneurologici. In: Mira 
E., editor. XU Giomate Italiane di Otoneurologia. II colpo di 
frusta. Pavia; 1995. pp. 9-11. 

* Spitzer WO, Skovron ML, Salmi LR., et al. Scientific mono- 
graph of the Quebec Task Force in Whiplash Associated Dis- 
orders: redefining "whiplash" and its management. Spine 
1995;20(Suppl 8): 1-73. 

' Zappala G. Traumatismi cerebrali da incidenti: approccio 
multidisciplinare e riabilitazione neuropsicologica. Riabili- 
tazione e Apprendimento 1988;8:337-46. 

Oosterveld WJ, Kortshot HW, Kingma GG, et al. Electronys- 
tagmographic findings following cervical whiplash injuries. 
Acta Otorhinolaryngol (Stockh) 1991;11:201-5. 

" Sinforiani E, Bono G, Nappi G. Sequele croniche dei trauma- 
tismi cranici minori: aspetti nosografici e fisio-patogenetici. 
Confinia Cephalalgica 1993;2:71-7. 

Skovron ML. Epidemiology of whiplash. In: Gunzburg R, 
Szpalski M, editors. Whiplash injuries: current concepts in 
prevention, diagnosis and treatment of the cervical whip- 
lash syndrome. Philadelphia, PA: Lippincott-Raven; 1998. 
pp. 61-7. 

" Tranter RMD, Graham Jr. A review of the otological aspects 
of whiplash injury. J Forensic Leg Med 2009;16:53-5. 

Magnusson T. Extracervical symptoms after whiplash trau- 
ma. Cephalalgia 1994;14:223-7. 

Garcia R Jr, Arrington JA. The relationship between cervi- 
cal whiplash and temporomandibular joint injuries: an MRI 
study. Cranio 1996;14:233-9. 

Boniver R. Temporomandibular joint dysfunction in whiplash 
injuries: association with tinnitus and vertigo. Int Tinnitus J 
2002;8:129-31. 

" Klobas L, Tegelberg A, Axelsson S. Symptoms and signs of 
temporomandibular disorders in individuals with chronic 
whiplash-associated disorders. Swed Dent J 2004;28:29-36. 

Toglia JU. Acute flexion-extension injury of the neck. 
Electronystagmographic study on 309 patients. Neurology 
1976;26:808-14. 

" Fischer AJEM, Verhagen WIM, Huygen PLM. Whiplash 
injury; a clinical review with emphasis on neuro-otological 
aspects. Clin Otorhinolaryngol 1997;22:192-201. 

"^^ MacNab I. Acceleration injury of the cervical spine. J Bone 
Joint Surg 2002;84:807-11. 

^' Giordano C, Albera R, Beatrice F. Audiometria clinica. Ap- 
plicazioni in Medicina del lavoro e Medicina legale. Torino: 
Minerva Medica; 2003. 

Ferrari R. Auditory symptoms in whiplash patients-could 
earwax occlusion be a benign cause? Aust Fam Physician 
2006;35:367-8. 

Fattori B, Ghilardi PL, Casani A, et al. Reperti posturografici 
nei traumi cranio-cervicali. In: IV Giomata di vestibologia 
pratica. // danno vestibolare nei traumi cranio-cervicali. Pis- 
toia; 1992. pp. 39-60. 

Ghilardi PL, Casani A, Vannucci G, et al. Posturografia 
statica nei colpo di frusta cervicale. In: Mira E, editor. XII 
Giomate Italiane di Otoneurologia. II colpo di frusta. Pavia; 
1995. pp. 85-101. 

Casani A, Fattori B, Nacci A. Patologia traumatica del sis- 
tema vestibolare centrale: aspetti semeiologici e clinici. 



Posturografia e prove rotoacceleratorie. In: XVII Giomate 
italiane di otoneurologia. XX Giomata italiana di nistag- 
mografia clinica. Patologia traumatica del sistema vesti- 
bolare: diagnosi e terapia. Valutazione del danno. Spoleto; 
2000. pp. 95-116. 

Giordano C, Fornaseri V, Bramardi F. Significato ed impor- 
tanza delle prove caloriche dopo "colpo di frusta" cervicale. 
In: XII Giornate Italiane di Otoneurologia. II colpo di frusta. 
Pavia; 1995. pp. 103-9. 

Burdo S, Levrini L, Tagliabue A. Disordini cranio mandi- 
bolari ed acufeni. In: Sindromi otoneurologiche e patologie 
della masticazione. XVII Giomate Italiane di Otoneurologia. 
Spoleto; 2000. pp. 41-52. 

Ciancaglini R. Disturbi occluso-masticatori e postura. In: 
Sindromi otoneurologiche e patologie della masticazione. 
In: XVII Giornate Italiane di Otoneurologia. Spoleto; 2000. 
pp. 31-40. 

Pignataro O. Rapporto tra malocclusioni e patologia ORL. 
In: Sindromi otoneurologiche e patologie della masticazione. 
In: XVII Giornate Italiane di Otoneurologia. Spoleto; 2000. 
pp. 23-30. 

^° Baloh RW, Honrubia V. Trauma. In: Clinical neurophysiolo- 
gy of the vestibular system. Third Edition. New York: Oxford 
University Press; 2001. pp. 322-32. 

^' Fischer AJEM, Huygen PLM, Folgering HT, et al. Hyper- 
active VOR and hyperventilation after whiplash injury. Acta 
Otorhinolaryngol (Stockh) 1995;520(Suppl):49-52. 

Rowlands RG, Campbell IK, Kenyon GS. Otological and 
vestibular symptoms in patients with low grade (Que- 
bec grades one and two) whiplash injury. J Laringol Otol 
2009;123:182-5. 

^' Friedman D, Flanders A, Thomas C, et al. Vertebral artery 
injury after acute cervical spine trauma: rate of occurrence 
as detected by MR angiography and assessment of clinical 
consequences. Am J Radiol 1995;164:443-7. 

^'^ Brandt T, Krapczyk S, Malbenden L. Postural imbalance 
with head extension. Improvement by training as a model for 
ataxia therapy. Ann NY Acad Sci 1981;374:636. 

Norre ME, Forrez G, Stevenz A, Beckers A. Cervical ver- 
tigo diagnosed by posturography. Preliminary report. Acta 
Otorhinolaryngol Belg 1987;41:574-82. 

Guidetti G. La posturographie et I 'otoneurologia. Agressolo- 
gie 1988;29:653. 

Radanov BP, Di Stefano G, Schnidrig A, et al. Role of psy- 
chosocial stress in recovery from common Whiplash. Lancet 
1991;338:712-5. 

Pearce JMS. Subtle cerebral lesion in "chronic whiplash 
syndrome" ? Neurol Neurosurg Psychiatry 1993;56:1328-9. 

Guidetti G. / tests stabilometrici complementary In: Guidetti 
G, editor. Diagnosi e terapia dei disturbi dell'equilibrio. 
Roma: Editore Marrapese; 1996. pp. 381-99. 

Armato E, Ferri E. Analyse video-nystagmographique sur 
569 cas de syndrome vertigineux post-traumatique: revision 
critique et etude du nystagmus vertical superieur. In: Michel 
Lacour editor. Controle postural, pathologies et traitements, 
innovations et reeducation. Marseille: Solal Editeur; 2002. 
pp. 105-18. 

Teasdale G, Jennett B. Assessment of coma and impaired 
consciousness. A practical scale. Lancet 1974;2:81-4. 



388 



Vestibular and stabilometric findings in whiplasli injury and minor head trauma 



^ Baloh RW, Honmbia V. Laboratory examination of the ves- 
tibular system. In: Clinical neurophysiology of the vestibular 
system. Third Edition. New York: Oxford University Press; 
2001. pp. 152-99. 

^ Guidetti G, Galetti R. // significato clinico ed il valore di- 
agnostico della stabilometria nei soggetti con patologie 
dell'apparato stomatognatico. In: Cesarani A, Alpini D, 
editors. Diagnosi e trattamento dei disturbi dell' equilibria in 
eta evolutiva ed involutiva. Milano: Bi & Gi; 1990. p. 129. 

Gagey PM. Huit lecons de posturologie. Paris: Association 
Fran^aise de Posturologie; 1986. 

^ Schuknecht HE Cupulolithiasis. Arch Otorhinolaryngol 
1969;90:113. 

* Baloh RW, Honrubia V, Jacobson K. Benign positional ver- 
tigo: clinical and oculographic features in 240 cases. Neu- 
rology 1987;37:371. 

' Ghilardi PL, Casani A. Approccio posturografico alia ver- 
tigine di origine cervicale. In: Atti LXXVI Congresso Nazi- 
onale SIO Rieti. Pisa: Pacini Editore; 1989. pp. 383-7. 

^ Nuti D, Pagnini P. Epidemiologia della cupulolitiasi. In: 
Pagnini P, editor. La cupulolitiasi. XII Giomata Italiana di 
Nistagmografia Clinica. Milano; 1992. p. 25. 

' Davies RA, Luxon LM. Dizziness following head injury: a 
neuro-otological study. J Neurol 1995;242:222-30. 

" Nomura Y, Hamada N, Saito Y, et al. Two cases of cerebellar 
infarction in the territory of the PICA due to cervical occlu- 
sive injury. Equilib Res 1998;57:608-14. 

' Manfrin M, Eresa D, Panigazzi A. La vertigine post-traumat- 
ica. In: Trattato di vestibologia; Vol. 3. Torino: Contatto et 
Archimedica; 2008. pp. 331-44. 

^ Abrahams VC, Rose PK. Projections of extraocular, neck 
muscle, and retinal afferents to superior colliculus in the 
cat: their connections to cells of origin of tectospinal tract. J 
Neurophysiol 1975;38:10-8. 

^ Richmond EJ, Abrahams VC. What are the proprioceptors of 
the neck? Prog Brain Res 1979;50:245-54. 

Boyle R, Pompeiano O. Convergence and interaction of neck 
and macular vestibular inputs on vestibulospinal neurons. J 
Neurophysiol 1981;45:852-68. 

^ Dichgans J, Bizzi E, Morasso P, et al. The role of vestibular 
and neck afferents during eye-head coordination in the mon- 
key. Brain Res 1974;71:225-32. 



Baker J, Goldberg J, Peterson B, et al. Oculomotor re- 
flexes after semicircular canal plugging in cats. Brain Res 
1982;252:151-5. 

" Dieringer N, Kunzle H, Precht W. Increased projec- 
tion of ascending dorsal root fibers to vestibular nuclei 
after hemilabyrinthectomy in the frog. Exp Brain Res 
1984;55:574-8. 

Peterson BW, Baker JF, Goldberg J, et al. Dynamic and kin- 
ematic properties of the vestibulocollic and cervicocollic 
reflexes in the cat. In: Pompeiano O, AUum JHJ, editors. Ves- 
tibulospinal control of posture and locomotion. Progress in 
brain research. Oxford: Elsevier; 1988. p. 163. 

Guidetti G, Monzani D, Galetti R. Electrical stimulation of 
cervical muscles (CES): therapeutic possibilities for ves- 
tibular deficits with accompanying unsteadiness. In: Lacour 
M, Toupet M, Denise P, et al., editors. Vestibular compensa- 
tion facts, theories and clinical prospective. Paris: Elsevier; 
1989;145. 

'''' Guidetti G, Monzani D. / disturbi dell' equilibrio di origine 
propriocettiva. In: Guidetti G, editor. Diagnosi e terapia dei 
disturbi dell' equilibrio. Rome: Editore Marrapese; 1996. 
pp. 615-31. 

Dehail P, Petit H, Joseph PA, et al. Assessment of postural 
instability in patients with traumatic brain injury upon enrol- 
ment in a vocational adjustment programme. J Rehabil Med 
2007;39:531-6. 

Endo K, Suzuki H, Yamamoto K. Consciously postural 
sway and cervicale vertigo after whiplash injury. Spine 
2008;15:33:E539-42. 

Palmgreen PJ, Andreasson D, Eriksson M, et al. Cervico- 
cephalic kinesthetic sensibility and postural balance in pa- 
tients with nontraumatic chronic neck pain - a pilot study. 
Chiropr Osteopat 2009; 17:6. 

^ Agostini V, Chiaramello E, Bredariol C, et al. Postural con- 
trol after traumatic brain injury in patients with neuro-oph- 
thalmic deficits. Gait Posture 2011;34:248-53. 

Jongkees LBW, Maas JPM, Philipszoon AJ. Clinical nys- 
tagmography. A detailed study of electro-nystagmography 
in 341 patients with vertigo. Pract Otorhinolaryngol (Basel) 
1962;24:65-93. 

Ghilardi PL, Eattori B, Nacci A, et al. Le stimolazioni ca- 
loriche. In: Vicini C, editor. Vestibolometria clinica e stru- 
mentale. Galatina (LE): TorGraf; 2003. pp. 135-56. 



Received: May 2, 201 1 - Accepted: June 20, 201 1 



Address for correspondence: Dr. Andrea Nacci, ENT, Audiology 
and Phoniatrics Unit, Department of Neurosciences, University of 
Pisa, via Paradisa 2, 56124 Pisa, Italy. Tel.: +39 050 997518. Fax: 
+39 050 997519. E-mail: a.nacci@med.unipi.it 



389 



